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S1 Phase Errors
In Fig. 1 of the main text, we use the real part of the complex photoconductivity
obtained by exactly numerically inverting the transmission function (T˜ , Eq. 3),
as a benchmark to display the deviation from it as one calculates the photocon-
ductivity from the modified thin-film equation ∆σ˜tf (Eq. 1), compared to that
obtained from the usual thin-film equation ∆σ˜
(1)
tf (Eq. 2). This exact analysis of
photoconductivity can be done by numerically inverting two transmission func-
tions (Eq. 3) with (T˜ = E˜0+∆E˜
E˜sub
) and without (T˜0 =
E˜0
E˜sub
) pump-induced signal
(∆E˜). The analysis allows us to finally calculate photoconductivity defined as
the change in THz conductivity: ∆σ˜ = σ˜ − σ˜0 (Fig. 1 labeled as “exact”).
However, some might argue that our exact result is also subject to a so
called, phase error, which is present when the THz transmission is referenced
1
to a bare substrate. This error is due to the determination of the difference in
the thicknesses of the substrate where the film is deposited on, and the bare
substrate for the reference run. This error is typically of the order of a micron
by use of a standard micron-precision micrometer, and will potentially result in
a large uncertainty of refractive indices of the film [2, 3].
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Figure S1: The phase errors lead to the uncertainty in the real dielectric con-
stant and imaginary photoconductivity (b, d, f), but not significant in the real
conductivity and photoconductivity (c,e). The arrows indicate the locations of
phonon modes. The conductivity and photoconductivity at ∆L = −16µm are
identical to the ones presented in Fig. 1a and b (15K).
To gauge the magnitude of the phase error, we preform the repeated exact
analysis by varying the difference in thickness of sample and reference sub-
strates (the parameter ∆L in Eq. 3) by a micron from the measurement value
of ∆L = −16µm. We indeed observe the variation in the resultant dielectric
constant (Fig. S1a,b), conductivity (Fig. S1c,d) and photoconductivity (Fig.
S1e,f). However, all of the deviations are in the imaginary part of the optical
conductivity and photoconductivity (Fig. S1d,f), or the real part of the dielec-
tric constant (Fig. S1b). The real parts of conductivities are not sensitive to
the uncertainty (Fig. S1c,e). This observation justify our choice of real photo-
conductivity as a benchmark for the quality of approximated expressions (Fig. 1
2
of the main text).
S2 Material Parameters and Models Used in the
Simulation
Location Phonon (Lorentz Model) Carriers (Drude-Smith Model) Source
N∑
m=1
0ω
2
p,mω
i(ω20,m−ω2)+ωΓm ∆σ˜ =
0ω
2
p
Γ−iω (1− c11−iωΓ )
Fig. 2 left ωp,1 = 10.0 THz ωp = 67.6 THz Fig. 1 a
f0,1 = 0.75 THz Γ = 10.5 THz delay 4.5 ps
Γ1 = 0.92 THz c1 = -0.82 15 K [1]
ωp,2 = 14.8 THz
f0,2 = 0.95 THz
Γ2 = 0.93 THz
ωp,3 = 13.4 THz
f0,3 = 1.42 THz
Γ3 = 0.89 THz
ωp,4 = 27.1 THz
f0,4 = 1.73 THz
Γ4 = 1.51 THz
Fig. 2 right ωp,1 = 15.2 THz ωp = 76.7 THz Fig. 1 c
f0,1 = 0.94 THz Γ = 13.9 THz delay 4.5 ps
Γ1 = 1.31 THz c1 = -0.84 180 K [1]
ωp,2 = 33.4 THz
f0,2 = 1.82 THz
Γ2 = 2.94 THz
Fig. 3 top Same as above ωp = 390 THz
Γ = 700 THz
c1 = 0
Fig. 3 bottom Same as above ωp = 25 THz
Γ = 3 THz
c1 = 0
0 = 8.85× 10−12 Fm−1
ω0 = 2pif0
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